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The Features of New High-strength Steel Materials “550 N/ mm? Class”
for Building Frames
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Abstract:

JFE Steel has developed new high-strength steel with lower limit tensile strength of 550 N/ mm? for building frames. The
series of the product are made up of a plate “HBL385,” a circular tube “P-385,” and a square tube “P column G385.” These
products realized high-strength and excellent earthquake-resistance with equivalent weldability to conventional steel.
Furthermore, roll formed H shapes, “HBI-H385,” are under development. Design trial is carried out to study advantages and
problems to be solved of the products. The result shows that it is difficult to secure criteria for interchanges of all beams and

that there is no practical problems for interchanges of columns.
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Table 1 Chemical compositions of 385 series

(mass%)
Grade C Si Mn P S N Cyq Pey Juaz
HBL385B =0.030 =0.015 =0.40* =0.26*
=0.18 =0.55 =1.60 - -
HBL385C =0.020 =0.008 =0.42%%* =0.27**
P-385B =0.030 =0.015 =0.40* =0.26*
=0.20 =0.55 =1.60 =0.006 =0.58
P-385C =0.020 =0.008 =0.42%* =0.27**
P column G385B =0.030 =0.015
=0.20 =0.55 =1.60 =0.006 =0.40 =0.26 =0.58
P column G385C =0.020 =0.008
*t =50, **t>50
Ceq = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/14
Py = C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10 + 5B
funz = C + Mn/8 + 6(P + S) + 12N — 4Ti
Table 2 Mechanical properties of 385 series
Grade YS (N/mm?) TS (N/mm?) El (%) YR (%) Eoc () RA; (%)
=26% =25(average)
HBL385B, C 385-505 550-670 =380 =70 C
=20%* =15(each)
=26% =25(average)
P-385B, C 385-535 550700 =385 =70 C
=20%* =15(each)
=26%* =25(average)
P column G385B, C 385-505 550-670 =80 =T70%*** C
=20%* =15(each)
*T.P:JIS No. 5, **T.P:JIS No. 4, ***T.P.: at flat part
YS:Yield strength, TS: Tensile strength, El: Elongation, YR: Yield ratio
vEqoc: Charpy absorbed energy at 0°C
RA;: Reduction of area in through thickness tensile test (Z)
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Fig.1 Stress-strain relationship (f = 32 mm) Fig.2 Charpy impact property (t = 32 mm)
Table 3 Mechanical properties of HBL385
Thickness (mm) YS (N/mm?) TS (N/mm?) El (%) YR (%) Eoec (J) RA; (%)
19 422 552 44 76 289 74,70, 74
32 423 569 37 74 189 74,72,71
35 458 593 32 77 269 73,73,72
70 445 596 31 75 290 76,74, 74
100 432 578 31 75 247 72,69, 71

Tensile test: Full thickness (JIS No. 5)-C(19 t), 1/4¢(JIS No.4)-C(32, 35, 70, 100 t)
Charpy test: 1/4t-C, RA: Z
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Table 4 List of test specimen
Figure Section performance
Test specimen Load B t Bit Rank of  Welding A I, Z Zp,
direction (mm) (mm) B/t method (cm”) (cm®) (cm”) (cm”)
No. 1 | C50019-00-1 0° 500 19 26.3 FB NBFW 347 129 554 5182 6131
No. 2 | C50032-00-1 0° 500 32 15.6 FA NBFW 546 186 845 7474 9206
No. 3 | C50032-45-1 45° 500 32 15.6 FA NBFW 546 186 845 6 083 8920
No. 4 | C50032-45-0 45° 500 32 15.6 FA Normal 546 186 845 6083 8920
No. 5 | C60032-45-1 45° 600 32 18.8 FA NBFW 674 344 744 9124 13 421
Table 5 Material properties
Test Flat part Corner part
specimen YS TS El YR Egec YS TS El YR Eoc
(N/mm?  (N/mm?) (%) (%) ) (N/mm?) (N/mm?) (%) (%) {d
No. 1 431 567 36.5 76.0 327 534 580 40.5 92.1 292
No. 2 456 615 44.7 74.1 336 601 654 44.5 92.0 298
No. 3 454 591 46.1 76.8 298 564 639 49.5 88.4 311
No. 4 485 647 44.9 75.1 244 579 635 45.0 91.5 297
No. 5 456 615 44.7 74.1 336 590 651 45.0 90.5 298
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Fig.6 Building for trying to design

Table 6 Maximum member section

Original design Interchange
BOX [J-600 X 70 “TMC325” | [1-600 X 60 “HBL385”
H-shape H-612 X 520 X 70 X 80 “TMC325” | H-592 X 510 X 60 X 70 “HBL385”
Pipe (CFT) O-1200 X 50 “TMC325” | O-1 200 X 40 “HBL385”
Beam (H-shape) | H-1500 X 400 X 16 X 40 “SN490” | H-1 500 X 400 X 16 X 32 “HBL385”
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Table 7 Quantity of steel as a result of trying to design
(unit:t)
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Total 9 607 9194 9356 8943 9190
(100%)  (96%)  (97%)  (93%)  (96%)

3881 3881 3630 3630 3630
(100%)  (100%)  (94%)  (94%)  (94%)
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Columns

Others

(100%)  (100%)  (100%)  (100%)  (100%)

Table 8 Primary natural period as a result of trying to design

(unit:s)

Natural period | Original  Case | Case2 Case3  Case4

X direction 3.14 3.23 3.15 3.24 3.19
Y direction 3.02 3.09 3.03 3.11 3.08

{(Each case)/(Original)} X 100 (%)
First stage design

Fig.7 Story drift

{(Each case)/(Original)} X 100 (%)
Second stage design
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Fig.8 Contributional ratio of damper
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